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Abstract of JP2000058915 

PROBLEM TO BE SOLVED: To provide a gallium 
nitride-based semiconductor laser element which can 
be built, as a light source, in the optical system of an 
optical pickup for an optical disk or the like, and which 
has a good noise characteristic. 
SOLUTION: In a semiconductor laser element, an 
active layer 7 which is sandwiched between a 
substrate 1 and a clad layer 5 composed of a nitride 
semiconductor and/or a guide layer 8 and which is 
composed of a nitride semiconductor is formed on the 
substrate 1 . In the semiconductor laser element, a light 
absorption layer 4 whose energy gap is nearly identical 
to that of the active layer 7 or smaller than that of the 
active layer 7 is formed between the substrate 1 and 
the clad layer 5 which exists on the side of the 
substrate 1 . 




i a 
-J— 



Data supplied from the esp@cenet database - Worldwide 



(19) B&fSWffff (JP) (12) & fffl 4# |f ^ ^ (A) (U)**lttHBi£SI## 

#^2000 -58915 
(P2000 - 58915A) 



(43)4iPB B W-fStn*? 2 E25 B (2000. 2. 25) 



(51)Int.CL 7 
H 0 1 L 33/00 
HOIS 5/30 




f i f-?3-r(##) 

HO 1L 33/00 C 5 F 0 4 1 
H0 1S 3/18 5F0 7 3 

m&m* mm* m*&e>&6 ol (£ 10 h) 




*Hi¥10-220221 


(7DUJSA 000005049 










37 c&lfVfF o g 4 □ MQCM3 Q 
^PXlu^F tt /I 4 p Uwo, o. 4^ 


























(74)ftSA 100103296 






#3!± /Jn» KM 






F^-A(^) 5F041 AA09 AA14 CA05 CA40 CA46 






FF16 






5F073 AA51 AA63 AA71 BA04 CA02 






CB05 EA26 



(54) i§zw<o%m &{tii*)V2±m*&fr\'-*?m^x.ttybVvi>7'v~f&m 



(57) [^] 

mm ) 2it# '> ^Asts^i^-fSficfti »-c . 




( 2 ) (SI 2 0 0 0 - 5 S 9 1 5 IP 2 0 0 0-58 9JL 



c n*« i 3 mm±iz . mim^mm^tj; h?v <* 
ffjies^h ssMtcff tt-r 6 7 ? m > omz , x* 

»J ^ A Sr*tf H IfcJWIlM 1 J#f£ k ^ 4 IS 

3|<iS 1 JbS 2 cov >-«LA*lclE»59g-ffc;#' 'J *Xs%&mfe 

unxms] *«yRJi*>«**\ o. 0 5/<mWji-c- 

[00013 
[00023 

»-r&4m»*^— ^•'F ( l d > wmmmt lx . 

mt#V ^^S+aW* < G a I a A 1 N ) //El >o*VC 
i , ffctf U ^ -If 

SWi. Mi.U' . MRS Internet,!. Nitride Seraicond. Re 
s.2(1997)5tcie»Sii"C*5'0 . ^WBHSrHatCn* 
1", 20 1(it7TfTiR. 2 0 2ii 

GaNM' 7 77l. 2 0 3lin-GaN3>f? Kl, 
204lin- r n (:il) «Ga ))/r -Nl. 20 5ttn-A I 
u.^Ga nJ vN;77FI. 2 0 6 {i n — G a N if A Y 
JS. 207(il n, : . 15 Ga 1) .;,Ntr#Pli I n s . ■ * 
Ga : , 3 N BBM > *■ i «r 4 #M*#^»»iStt* . 
2 OSlip -A 1 0 . ; Ga ;J Nl, 209l*p-GaN 
ili KB. 2 1 0«p-A 1 ;;S Ga, : ., 2 N;7-/ H 
m. 2 1 iltp-GaN3y^>hi. 2 1 2(s:pfPJl€ 
I. 2 1 3«nlH1I1iTA*-, ZZX\ :^Si:^#Pffi 



isiSttS2 0 3. 5 nmlf I n c . 15 Ga : , 55 .N 
fi^ #F8// 4 9 . 7 n m JfcT) I n c . : , 2 Ga : . ? :N KM 

it5r^1~4^tCp - A l c _ 06 G a (l . s2 M ^ ? -/ HS 
2 1 0>p-Ga.\a>^?M2 1 lti'J /Wh7 
< Tmc&fR$ftX^& « 

[0003] mittfi) ^^&¥mfezm^tz¥m 

BPF9-1911 6 0*Ji#IKcE«*il"C^** 
®ir 0 5 iZ^~t , m 5 iZ&ti »T , 2 2 Uin-S i C 
SIR. 2 2 2lin-AlNVw7r|. 223(;n-A 

1 GaN7 7 / F«L 2 2 4 iin - GaN^t^rM KJB, 

2 2 5iiif S 1 0 n m CO I n c . 1)f G a : ,. Nlf#F}S 
ttB. 2 2 6«p-GaNJK// r -f KJB, 2 2 7{ip-A 

IGaN;? -/ KB, 2 2 8ttff£ 5 nmcOp - I n 
o . , G a : '. 9 N ^r«S««K« .2 2 9 « p - G aN3>? 
"^MB, 2 3 0(±pMffiffi. 2 3 1UnBWS*i. d 
^B6*WtC*>^T«. iS1tS2 2 5titL^:^-^ 
**"TffiftflSCB 2 2 8 XWa * ix hZb i-Z X r>X "TMfP 
CUZJI2 2 ScOflRiR^a^ftL , -fiiCctf -»-C«SttB 

[0004] ^^m. ^*w^^aj»* 

[0005] kC%t\ CiOctd^:**^—^*^ 
h* y h > ^fiSTii frtftai-r 3 

[0006] ci^*ffi*fflv ^*t: .v rmm^n 

2 4 1 ^ $ i Lfc U — »f ft 2 4 2 i SEWrfS^ 2 4 3 
!.:i<3 *OT t-A K-irtM S ^ 4 , _ co>f M ^ iifc tT 

> X2 4 5 tcS|**il-C¥ff A ^ Silfcfft, > 
X 2 4 6 (-C J: o r -r < * 7 2 4 7 Ofc : -v h^I^^'Sr^ffi 



f 3 ) BB2000-5S915 ( P 2 0 0 0 - 5 8 9 JL 



L tz 3 *tf> . jFflft b > X 2 4 6 Rtf 3 'J 

4 4 tc*ft>ii. *ii-Fii1HMfc: 7 <■ h ^ * *- H 2 4 
8, 24 9. 2 5 0lC«:)£*ix£< Cil^3i^7th 
T^tf-K^O^. V¥4 ^h'2 4 8lif <X9 

2 4? <?Mmmmzim * at t : ? h *qc j: s n^-r 

0 (i . t — Atf>X# y h k t : •/ h > ^fiM^rir 

2 5 0*^coaj^tclE!:T**ttW >X2 4 6*f<0(Sai9& 

COO 07] **>J:o*3l^-Z*£«5lvtHt. fflffRte 

?244rK»LT7* h^*-K248, 249. 
2 5 0(cS#§it£<^At^?\ »i*HB*t- 
2»xy »J -* ? 2 4 4 * jiifl L "C BWMST 2 4 3 KTJtt L 
■Tvti. lcT)Altt:*-i,(i@Wtg^2 4 3CJ:ot 3* 
^e-^tWBSftfctt, ^L--fff24 I am 

[ 0 0 OS ] 5 £(CB7£(i¥*frl> — F*T 2 4 1 2> 
EffillT^3*^R0^g3Stf4SA. B. C r^Lt 
i >6 a 5 % A«*»flcW — *f 2 4 1 cOig-ffipflfels 
lCBSR->-C< 6 R ^ Bt C»iA*)±T<Cfc 

i. -t 2 0 ju m*»o 5 0 /* m^Hitl^t < Z>M 0 

»*W;t4*:#><c. BTI6*l«WB2 2 8* s B«t^>it"Ciri 
[0009] 

Eaffc/^y wv^fc*siftu 

T-)J: 5 JfclSia*.* 5 * ^ * £36 >H7 tc**ix6 3 f 
feSMtEBB^H -Iff - 7'co*S^A 

w&tiis . mum b cos y * s«R»-f 

§ I £ (c iot < ^ — > 2: ft;tfc^~ £ > (c£r & : ft 
L S;v tfi*> . RSJtESI B ?)jfl 0 jfclc J: & =F*' <? — > b 

immtmmcnv -met tmmm lx . ¥m&v - 
^m^^mammzwrn & &ff l -c v ^ s c: t 

[0010]-*, 7t^* ■< A 9 is AfAtfif <r X 7 r 



- ■ B aPirf ft'CX ft; L T L 4 3. - ^fcrtSMttiB B n 

T . 5ft K^S* L "C L * -> T ir ^c : I ^ J: 5 C{Mt*^>. 
5ft**«X«-J-4 1 . x^±te»3itfcr-^0« 
AajLx7-2r±t:"CL4vK #r *x7yX-r-MB*> 

[001 13 tLh^DJ: ^ tc. K*^afbSf 'J ^AS^ 

ivtz t o . Jbie^fttf y ^ 

LT^affl^ffi^ft^U^^^^feU-^^^ 
[0012] 

[ US 2r B?&-r ^> tShttn. ] mile B W 5: at*-*" & fz 

t^smb** sa *• nxmiiztmnwnit. m 

T3E1-* ^ 5 y KBfctf>H(-c. x*/l ^r-=5f v r* s ffitt 

[0013] ii*jp[2(ciett^*w±, *mumv)\ « 
[0014] is**3(cid»^0B(i. aenwi* 5 , * 

=Sr<t ^x^fc^y^Ai^traffctt****^ 
=5:* Z > SrWittfc -J-6 M*« 1 .^S 2 0H ^iisWceil 

comity/ 1 ) ^ju^mi^ -ffft*i>, 

[0015] n^«4 CEIWMftWi, aHR* c - ^7r 

r««. a ft/ru ifcti- *fta 

S: 4 - t S: «f» k ^4 lf^ T § 1 3 ^ 

[0016] is*ji5 (iE«<?3*wi. ymwmnmm. 

*«. 0. 0 5/cmtLb-C*4it £ftttfc-f &M$J)ll 
7!iM4^t^i-L*nciett^)B-ft>y !i 9* 

[0 0 1 7 3 IS^JSb (=E»^«flH«. 
— WR-f-lcSSSa 1 M5^h »-fiL*»(cieilc^Mft^y 



< 4 ) BH2 000-58915 (P20 0 0 - 5 8 9JL 



•y 7T <*J'-$at£hh* 

[ o o i s ] *«»c«ftBffc#y ^.wr***!- 

KJItttiii. Bfc»rt«*0»fc«:fti8tt 

t ^WfM^Sr* MEWKBtfRlt oifC v >ft , ltf>£ 5 
3B- iot T*> < 9 — > * *flM $ iiX h . S« £ . 

tz#>. %mmzxm*iLtzm ^t^ttm^eu<rh z 
titter st-'X , awrt(cT»/v->-* c »iesnT 

mzm ft* y *j*&*mfcis — oiu: , 
[0019] sfcaeiftiRWi. aaafcaqt* 

ft?7 v H« £ COBKCR* t £ irO>ft ^*C" . ^ft: U - 

T-7Af/->T^^iv : lot. £RlR«(lSart(c7JtS 
itfc t a x 7 c> ?M 0 £ AIR L . ^*Sf* - If 

[0020] * o > IT. < > L < 
> 1* t *' 'J ^ Sr # tf a f fcWIM»* 5r BJ t >ii<f . 4 
> v^AOlilSS:** <^ftfittTX*wi^-^ /T 

* *s < aj^RSfc^sfttjeiRiRa^jBrttt £ ft > > t 

mf¥VtN*:m\ >ft w h (ct-ft^rC . jSAft*^ i 0 £1 

[0021] s *«wcffiftaft>yy ^-wr*** 

7t v sa. aft/ry^****^---''*^^*- 
«*SMcaa4t«K&TJf *BiK:«aA* s ±t , 

t: J: & E^*^B a B rtgP^.XFiS^i£^ *) * a»-f ftfc/> . 

CO J; '} & -f > >^A^fiit^ W^ - « a -f tft*»*«-- 
i ft 6 ^ . > ^^ttWW 5 ** 
> (c J: 9 f*W5*tt^i^ < ^ 9 . • SBi^* s 



^j£« s o(ia&$iift w ^=5:< . ^mp^u—^m^m 

[0022] Sfc. *«JRatt*a^f*t-C1i«r< , fflfiE 
coPKrft 2 aaiO^Wfri^KWa ^fi* 

i^^ii. M.'rnmzX DKSS^ltfw^^'v K 
^4t^K^fla^^^^^^ ^ £ i> 

ftdt*«v*»*. 

[00 23] «E^<>t'f^> f ^* 
U ^^€:*t/afl:1S****:3t«Cat L"Cffl^fc«d 

fcrt . a»* J *i ^ t m*w&. tx fS^nvm^iix 1 

a *«a^ r ft *>-e . js H H a tt t m&birizjtmtM 
[00 24 1 *^r-{-, x«t , aaatcffft-rft^ 

5 v H@.h^^c^toit^7ti»JRii(ci: 0 , 
AltSix^:^ ^ * ?frh<n¥J)±ifimffi§{z&/<*Z>>Z 
•h^'ti^, ^^aft/fU^****!^ 

ft iSttliA* y> HJ» Sii ft U — * : #t:*f 

afta»«rB^*»*«-. t»C*JKr?*ft* 
[00 25] S4>C a«l*lCX»*<utr-fX^**i 

o c ^MWRa -c4-#t«jR-r ft • 

iRii^J15^0 . 05 u mKLtCAft - 1:* 5 *? 4 L t v, 
*«MZa4:Lt: I n 5 . ;Ga l)iS NS5:fflUf^l^, 
RAM 1 0 n ni^U-*'jeiC«1"ft3B**^««S:*« 

a^VS^O . 0 5ju ml^?jbiU3r5t*8EK+#*a 

iSttltcfftA-f ft - > * s l»OTl"C v «ft :- - 5: AS 

ottfl 5: fH v ^MCT^r^ . ffl^M^ ft 2 aa 

*: . SE o "C . as * s 0 . 0 5 At m W knjd&VIM Sr ffl ^ 
ft c t (cj: *) . -r-^ »KAttl L X7-5:±W:.> 4- 

[0026] 

( m i ^titn > 13 1 i ^*6^t*f$fts 



(5) BH2 000-58915 ( P 2 0 0 0 - 5 S 9JL 



ffig, 2{iGaNM'. ; /7 7i > 3(in — GaN nS^> 
^;M. 4lin- I nj. 2 Gaj.jNjeiRlRJi. 5*in 
— A 1 sGas.sN nfi^9 Kl. 6IJn-GaN# 
-f KJH. 7<i3«<0 1 n 0 . I6 Ga 0 ..uNlWl> 2 
1^ I n () . oaGao. KfSHJBfc^^&^Ii^F 
raitvSttS. 8I1A l t . 2 Ga 0 . s NlBW*ik». 9lip 
-GaN^ Kli. 1 Oiip-A 1 1( . ! G a , X pS7 
Hlip-GaNpi3>^;M. 12(i 
pffM. i 3ttn||Ctt. 1 4{±S i 0 L ffimXh 

[00 27] *5%0fl(C^V >*C , t77>l T*1S 1 ^>^ffi 

^ 7 t ^ rigcK^f o a NSfi • s i cm 
-c . t-'- * ftK*a; Lx?-ttt4v >s ft** y ^ 

[0028]$ G a NIS> S i CSfc^^ii 

fcG a N3S«t S i C S«l Jif 7 r Y T«tg(Cit'<Tf* 
^ L *-f i . SfUPKc J: S u -1T^»«0»BIW* 

[0029] A<v 7 rJ|2li*a±CcBrb?y 

xt7 if > v>L * it£ C h l<?)X\h 
fltfGaNldfc**>«b1*ftC0«fl. Witf A l N'^A I 
G a N 37cSfaS:fflv^ t J: i >, 
[00 30] n - I n i: . > G a l} . * N ft® KB 4 HU -if 
**«JR1-SWHTftiUf <fc < , £MfiT#Ffl5£i£14 
17rM« I n.usGac^NifttPicOI nffl 
fifcKLhtf) I ii*&fj£$:#o I n G a N 3708*^ I n G a 
A l N 4 TttH&Zm^X i>ffifo%i K 
[ 00 3 1 3 nS;7 -y FS 5 &I k 'p327 9 KB 1 0 
A 1 , G a 5 Xl:m<T)A 1 Mr^OA I G a N 
3 tcS&X* b J: i >, I < > iS 

ttf.c 7 9 ••■/ FJl > *>x*/t-4f-if v v/ rSfttflffl** 
* < & 0 . * y 'J T^3tA^±Ji(C*$«cR3 t& 

I«tA i fflf«;£'KS < LOv< L 77 •;/ K*cfc(t- 

^WftTi J:< . nffi^-y FB5 i pS^7-v HJfl 
[00 32] Ga N-fH KB 6 . 9*4. ^>X*n-¥ 



^ #FJi^>X*/l-4f— if -v -y 7 s . 77 *y 5 . 10 
#>x*;lif— if r */7 5 ^)PBl^)fI$:^oJ: 
{^G a N(CC3tf4>4-rfflW)ttfl. W/ili l n G a N 3 tc. 
ig B B a, A I G a N 3 7C?gB a a. I n G a A 1 N 4 toTIS* 

y/>f if ^ 0 Ttf 'M* < ^ 0 . 

[00 3 3] #F»iliStt« 7 3 a 

^1 n c . ls Ga^ J5 NIfttFl>2l^I n, ; . :i Ga 

#pS^O I niai&£*£ < L . *S< L^^^^S'r* 

\t. In G a N 3K&£klZ&imz{&<r)n^*&&tz4 7Z 
a±.<r>iR&*m&X'l £kv. *t> (cNOUKilUcG a N 

FB^IiSt*" 2 lX(i 3mbt61c tftt£ L v » -it 

Sii-f. *— i^FJB-Ctiif-vyrai*^* 
< . v vf iico** t i-Stt H^iOif v "J Ttf&m 

[ o o 3 4 1 ttz. *mmxn. ^m^^mmis 

ttB 7 (Cjg 4 i -5 tc A 1 ,j . : G a j . £ N«»I»j1JB 8 Sr 
L T v ^ 4 . I iU i £S4^#F*Siti£'ttJI 7 2rSt^ 
Ltg(Cp-GaN^ HJi9SrBEft-*-&R*C % rttftjS 

iStt/f 7 L*CLi^:>5Pfi Cfc W A 4 , 6E o 
T , fiT-.#F®r b^T Ai'di A I £ G a j. c 

n mmn±m stixm^zzt a*-e 2? . rai^ a 1 a ^ 

^ ffTS A 1 G a X 3 7Cjg B H B^G a K £ til i? i £ Ir V> 
itz. in A 1 ,. i Ga J . % .N«»|»iUi8tCMg$:F- 
V>7*lXl>£<. I^I&lip-GaN^ HV9^ 
P-Alj., G a r . m N pf? ^ -y KJ| 1 O^^-^ltfi^ 
#FtS jtiSttl 7 ^v-iETLA^jtA ? i < * 4 > i * d fijjft 
J > 4 $ (C % fi^JtFJicO I n '] » $ l ^S^i 
A I , . v G a :i , s N :BMffi±m 8 S: JFM L ^ <Xl M^* 
F^(i«^L^t^^. »#UA 1 3 . 2 Ga 0 .sN*3H*ih 
S S e fM L *c < X t , **tt WiOH ft* - 'J ^ 

[0035] mz. m 1 $r L X ±.iZM\k?f \) *<U& 



< 6 ) P32 000-58915 ( P 2 0 0 0 - 5 S 9 JL 



^ixi-^tK mitrf y ly^^mfc**- b? * ^ -v 

Stfitc' &j£ft?£T*iiU , «fc < , MBEffi (^ifcxb 
9*l**9VffL9km) *HVPE (yvf KJMBfifcft 

*BBfc l r *rr * »s 350 m m <w 7 r < rstE 1 _t 

IC, h'J^W#''J^(TMG) tT/t-T (NH 
: ; ) SHCftCffltvC . fi£«iSJ£5 5 O 'CtGa NA\y 7 

[0037] %{Ci£JlilJK& 1 0 5 0 , C4-?±#S* 
T . TMG t N H 3 . 3tCX>- 5 > < S i H 4 ) $:«(« 
l-.ffllr»"C. Jf$3jLem0)S i K — 7° n — G a N nf3 > 

if. TMGkNHiiS i H 4> Rl*h V > ^ 

A ( T M I ) SflKfilcBwC, H50. l/xm^OS i K 
-rn-I nc..2Ga;. s N^(KJR®4S:fi!c^-r^. * 
IZ , BVflEJM** 10 5 0 ClCjJf LT. T M G > N 
H:: : >S i H 4 . £L*MJ><^/lT/!,£-^ (TMA) 
feMfl^Blr »T . J?*0. 5/.emcOSi K— 7*n - A 1 
( ,;Ga i; .,.\ ; n577/h'15MfttS, If . T 

MArJSf4/>^>i*v *r . eKgas« i o 5 ot^tif 

H5 0 . 1 m<7) S i h* —7* n - G a N i]4 )< M 6 £l£ 

[003S] *<7>f*?fL*. fiKSffiS* 7 5 0 C(CTW\ 
TMG>NH,fcTM I «:JKflCCfflv\-C. f n 0 . I5 Ga 
.^rMifffPl (f§5nm) , I n. : ; :3 Ga { ,c 7 N 
F*ilS (1*5 nm) , I nc.i5Ga (; . se Ntf#Fi 

(|J5nm) . rn c . ;i :Ga. : . J ;Nilll(f?5[i 
m ) I n„. : 5 G a I)# , 5 Mf#Fl (ffS 5 n m ) * 

7 /I J! ?25n m ) 7 £ fls j£f & * * h (CttWT T M 
G k T M A fc N H : . Srm^Kcffll >T . KSiSSiS 7 5 0 
Xl^S 4tW5 1 0 n mc7)A l ;<2 Gaj, N^RfritB 

[00 39] JK(C . Ht c «ftia*S 1 0 50 C(C±.# L 
"C. TMGtNH,, ^y;o^>^vX-;l7/^ 
> ( c Pi M g » SrKStcPHi »T . S3 0 . 1 a< m 

) M g H — T P - G a N # f H 8 9 * , 3 6 (- 

a*fCTM AtrmmzMJL . ricftaxu 1 o 5*0^4 

5 T"W 5 0. 5 p. mtfttl g F — 7 : p - A I : . ! G a : ,. , N 
pS;7-/K11 0 «BfC* TMASKfl 

**»=>Bfet >t , ifiAaKu 1 0 5 ovcozt-zm* 0 . 5 

/.tm^Mg K-rp-Ga N pS.a>9 9 Mi 1 1 SrJ« 
ft I T . a ft*" 'J JSx b 9 % v >L ^ xy \- r ^ 

[0040] 3 ?A Z . 31^)7 ^- h U V ^ 7 7 y. - > H 



-GaNnSn>^^ h@3^Siai-t44"C'X 7 f> 7" 

h'JV/7 7 h'7<x«/^>^eW5:fflv^. S 
of:p - G a N pin > M 1 1 ^iSK^ 1. 
5 /* mificOX h 5 >f 7 3 tt(C 'J -v >-ffS3S *r«fi£-f S i 0 (Z 
p-GaNp!^>7nil 1 >p-A l u Ga 3 ., 
n pS7 7 •/ vm 1 Oil-/ f->7'^S, if^T , y v 
v'^fPJMk y y ykl.>k)pIlSI(:S§ 2 0 0 n miO 

[004 1] 3^(C. Cc?)S i0^iI14.!:p-G 
aNpl3>^;hll 1 iO^SBiC- y >"/l t % 
h P IPJimS 1 2 $r JBnfc I , x .y ^ v nz J: 0 SltH L-fc n 

h & h n mmm i3*fMLt, m rt>y y 

[004 2 3 rc^)f^. C^)'7x/N-C7)^7r^rfitgl 

r50/<mtfl> t ^Lt-IWiA-^iJ 7yXh7 
< r i: Sffl=5:*-iai^«BB^i C k (c J: 0 u-lf 
gUffML, y X h 7 < 7 : > yftttttiz U 
ftlgSsr^^^ S , - C -?ti $£500 $x m 

fit. «-^-/7 e $-7. : rA(C-7»7> M, "7 

y ^-7ti>-r k >y\,z£ n&mm> y-K-«^> rtg^c 
[0043] .2^> j: o tzixtmziitzmittiv 

■iP»*U-r*^>«S»«44 1 0 nm. 
if {i 3 0 rn AT* ') . C 

4 * s n 7 -y KS 5.ht7r f TS«g 1 b ^)ffl(c»ffi 
i^««TKtLfclx-^«//*iRlD0B4 4 
"C <^ of , b -^«*©iR.l 4 Ti;J®iR $ii 
T t ><i:^ > I fc (c J: h i ^)T* , 
[00441 £fz f#*b-fff(3t7r-{TSi 
1 O/l 5 5 0 x< m 3 b'-i.S S ffl i vt h y ■•> 

yv-tfmn&Mfflt&Witz±t h 3*^9*^ 

9 ^>^> i *W7r >f 1 KAWSaVC 
tSflX«4£IS{t7tCi:(cJ: J ). t77 fra«rt«CA»t 

«iR 0 5t(Cj: £ »»**t« : ^ > \& < . Sje L 

[0045] $ K>(2**JtffilX'<i, "J > X h 7 4 7T> 
jg-r 1 . 5 .a m t ffc< Lt \ *Z>0)X\ ZCOV) ••/ > X h 7 

fc^aBWMBWtt^Woii. Cite J: 0i8tt*W«Na[« 
MoT < £31 0 t\:(- ct o T 4 1 £ b mi 5 iifc , W 



< 7 > PS2 0 0 0 - 5 S 9 1 5 ( P 2 0 O 0 - 5 8 9JL 



[0046] *mi&MZ'li . 7ti®lR^4 tf)Jl* £ 0 . 1 
ju in £ LfcA*. 0 . 0 5/.( mfcLb*)*S TfciHf . ^ 

[0047] &£*JtJIBr?tt. £StRJ|4 Lfc 
f&C: nl^7 v Fl 5 *ffcft^&pg(c<£*ig)K*±#L 
1 1 >£. C iOB$7ti©jRii 4 cr>— %>t> i &i.m&%.c?>±.%- t ¥ 
IZM% IX L £ '.> Z t £ Rfi C^^IC . A 1 „. 2 G a , . 8 N 

[0048] $ t>l~*9mm<r>W.1£#» ^Ai^JSteU 
SKcttSSit a L =5: v > J: '< fc L X . C ttJI * *TS&ff «R 
Ffjv A* . lf#pf*< 2 «<7>tf| &£i> v m: 1> *^S£piJ 

s-'-r < &W) jfctcj: -5X4 1: & «*£H«wc* as . 

[0049] ***£(?«t'{i. SflSH-i ») U— r^KSS 

jhie r mm i x v •> h i)\ t7r^ r gist < x mm i 

[0050] $ ^K*^JtWC1i*e«Hc-e*4^7 r -f 

n - G a.Mnl3>^;M3 50*ffi(C n 1 3 £ 

IfMlti^^. ngUgmttSrW^&GaN^S i Cl£ 

fiStLTLJ:^, 2 0 0 a'- migJOX h 5 -f rtt 

0 / f^S-TSx ■•' *■ > ?"Srfr '3 £flU&i\ £ 

it. mm.itmc ixits i OiMtiRi 4(=R4>-f . 
s i xmnmnimM&BM j *. nmommt^im 

[0051] < m 2 c?->mm\ ) i(Mum t ix . i m<r> 

S i K— 7 n - I n,j. 2 G a 5 . 5 Nil (l|S5n m ) > 6 
)fi7>S i F— 7'n- I nj, M Oa c . i; Nl (/1^5 n 
m ) i *»i?> i £r*-&it^J*3 0 . 0 6 5 u m^tlftt 

1 K-r .n - A I ,- . • G a - . s N^M*±«arK{t7i Z i: 



[0052] C^J: ^ t- L"CfPS $ il^S ft ^' 'J "7 
^T|«cl,— 9-'3R-?«OSItgjS^{i4 lOnm. ?g«ySI®E 
W<i 3 0 rn A-C'A 0 . I^SSP"] 1 i: RtfttC^tiT^lx— Tlf 

m >) mz£ ^mm^^h-- >it%< , ^ u^«^> 

[0053] ? ^lc*HSS^tcii i >-C . 3£«RiR®S- S i 
K-7n- I ii5. 2 Ga r ,. 3 XBW^.-)iT'«5:^:<. 

|>S i K— 7'n — I n c . sGaj. ; N®t S i F— 7'n- 

^CittftXHl^lfiML^:. SiF-7'n-Al 
,j. ,Ga ., N^I56ih®$:I5tt^/iJ6S i F-7'n - I 
n u Ga itj N «<03l«l ^ K C - > tfT * . I *>Jb<C.« 
ftLfoS i F-7 : n — A I ... , G a c ,. , N r.I? 7 »/ Kg 

[0054] «ft««W7U. Tt^lRl^d S r 0 . 
065x(mt Lrt:**, 0. 0 5.« mtLJbOliE5T^n 

S i F-7 n- I n,. ,Ga,, s Ni ; ?S i F— 7*n- I 
n,.. : , 3 Ga„. ;? Xm?M$t*?mm$:^£X^nS.T#r s 

m^HMum^mf&Lx bta^^-vv a^. :<u>g- 

ri$fiBS;b**ll£(?i|(C.l7-i.boTJ s . rMi^BatZ 
■tSttfST' JiiUf ffe^J I nfflrit5rt#-7 I n G a N 3nM 
a^I nG'aA 1 N 4 7C}go a o5rffl^&C > L X'% h„ 
[0055] ( m 3 cr>mm ) II 2 3 

dcO0(ci3V 2 1 ticffiar*S> L-TW 
t^nSIW^AlS. 2 2 (* 11 -G a N nf3 >' 
^-7M. 2 3(i7JSZ>n- I n : . s Ga } . ; N)s> 61 
(7>n - I n«. c3 Ga,. «, NS<:*»o'5:S^fi4 J i : -#F«} 
jt^TtWl. 24(Sn-A I : Ga, u NlSf)!it 
1. 2 5(i n - A I 5. , G a,,. 9 N nl?7 7 KJf. 2 6 
(;n-G a NX?W Ffl. 2 7{i3B<0 I n 0 . :5 C.a ( . s = 
Mif#Pi!: 2S^)I n 0 . e3 Ga e . 9: KF$SJi>;*»o 
S #F«a iSttl . 2 8 1 i A 1 r. . 1 G a t. s N 

SffcffiiLf . 2 9 <± p - G a N/f-f KS. 3 0 p - A 
1 0 . ; G a c . 9 NpS?5 y F S , 3 1 l*p — G a N pi 
3>?7bm. 32(jplS)i€S, 3 3UnH«t5. 34 

[0056] C^JH 2 *• #fi? ITS lt/f 'J •> A^^r* 

u ^MTf^ iSBB-t s , ± -f . «« L-r c 

ag'r^®i LT W-TS If $ 1 0 0 /.< m^) n mmittf <) * 

j^m^mvK .K~,7Ti§*:mftnt?izrtmwwj'? 



( 8 ) BH2 0 0 0- 5S915 (P2000-58 9-FL 



a;W(-i, m2<7mamtmmtzix. p-oaNpa 

[0057] C^***^— yjR^^xyx-* 

p «: ftisfct vet & , £ o tca**> 7 * h 'j v r 

^7 * — £: h'7-<x 'yf-y^aHSSrffli^r . p-GaN 

5 < 7*#U y -y j/Jf****"*"* i')(-p-G a N p ffi 
3>^? h/I3 1 cp-A 1 o. iGa l)<!? NpI^77 H 

130 £x » %t\<*x „ y -/ >-^owa> y 

[0058] C?)S i 0 : f6f*i3 4.!:p-G 

aNpS3>f7M3 1 £0fSiBCC— ■•/ ^/l > 
>!> p ffittfS 3 2* JfM L , n Sa-fl:^ 'J ASK 2 1 ^ 
ISEC:^-? > 7VU ^ -^^frhtzh n IMte-fig 3 3 
fiStLT , Hffc/fy^ASWIfcfc-iraff^x^-S:* 

[00 5 9] -rC7)S. £y -/^h?-^' 

SrflMU % ) v >xb7<f7> TffC-^rtltcw— W'ftlR 
gS^ffM*^* . £"CU#S»*>*S 5:5 00 /* m > L 

< > /(ci o pI163 2 > y- 

io. ♦SttSM'PUnflaftjyy ^A«|R2 1 SWSiH* 
U*£<7)KbK- n (PJime 3 3 2: ffM I A* , 3l#^5fffg 
ttf«cj:0 nSMft^y r >AStK2 l^SIM^ffimtT 

ftc , z?)*? jr y \ — nr y .v h 7 < r > m&zumz 

[ o o 6 o ] i^oj: tz ixim*iifzmtk/f y a£ 
u ^«i*ft*± 4 1 o nnt. mown 

mz 3 0 rn AT* ') . ISttW 2 h HfcCftff* l"— W 

H4 i > (zx o . miitf y ^AS«rttcASti 
oantae^fliftiifc* fcs, H-ft^ry^^ssESrfflv^ 

J: 0 . SKI * Alt LfcK 0 *ii««i:CttABfc* L KM 
tcBftXr'y ^ASISxfflv 7 r 4 r«ES:W 



[0061] i/c. M ' > -7. 7*£0lS 

ffll >T tfll^v \ i fcjefiJRJi^W 5 2r 0 . 06 5w 

«t-^/t:'45 b-r&motoS&WbixZnT. s i H-7 1 
n- I n,. jGa.^Nl^S i K — 7* n — I n,,. r .Ga 

i5mf flfiso I nfflfiKSr^O I nGa N 3Jittik*? I n G 
a A I N 4 7C^ B B H «rmv w Ht'H, 
[0062]? ^(c*HSE(?i)t<i. mi.cnm.Vcfi') 

i «itiajfcS5: LTtiS iO,M3-i(; 

m 3 mmtemnmittf <) ^i^m^-^m^m^. » 
T. 06 {c^Sii-s. 3 t'-i,a* St tf-ftt: •/ 7 r ••/ r 

[0064] *mmtzm<. »3t*#*w— wat^cii* 
ttt^mmtm. o & ¥M^^h _ > < . 
m*iixv>z a±0&&. imnmtrrttv ? 

tzb Z-b. X7-SL X"r—9 HJ L Hnlitf 
[0065] fcS^fcfrV-ir*-? 1 *: . ^ B fl«m 

(C. 17-1 L 7 iOlf ^tb L a: if 5 £ £ >?' "TMh 5 *: 

••/ 7 T ■■> T£W.*imX$fz 
[0066] 

( m^Mk ] LtiX'j K*«WC J: ^> 2 y 

^vStti t mm c *» . 2 Jtti - vsttfl J: f ; i. 'i »s >- 



( 9 ) HB2 000-58 9 15 ( P 2 0 0 0 - 5 S 9JL 



[ o o 6 7 ] vtr>x . ^mfcis — »r^3r)aait3t<o*« 

[ 0 0 6 S 3 £ . ^fi»^-#^ffiit<7)3teftlR« > 
<I * (c J; o "C, r^cotfcS+Tt^^iM ») 

[ 0 0 6 9 1 -ICO J: 3 ^7tU5iR«*I5(t^Sft^ 

[02 1 *»^«3W«ftM(=R4*#*U-- 
£ijrtlS(ffi0T'£>&, 

[03 ] jflSifKJIc LT I n, : . • G a,,. , KH$fflO£fc 

1 0 n «t<ny -*mzn*t>%sm<m 



[04 1 mtttfov^&^fczw^tzfti&ntmfci' 
[0613 t'-^atci ^7-^ > ^ — .-mra* w 

[07 ] 3 t'-^auc J; Sh7 y if > ^-tftSfltSrW 
•t & .€ f ■■/ ? T v TSSBCBIir » ^ itT i > & U -if 
?>IE®0"C£>&, 

1 t7r<7.SS 

2 1 nSgft^'J^ASffic 
2 GaN.'vy7ri 

3.2 2 n-GaNnf3>f;H 

4 n- I n„. 2 Ga c . d K7tlSlRS 

2 3 n — I ri;,. ,G a,. s X > n - I n c . , 53 G a-. ^ N 

2 4 n — A 1 ; , - Ga j, ¥ Xgg&PfiltS 



2 ^ 
26 



n - A I ■ Ga ,,. •? NnS?9 •■/ KJ 



n-GaN^M h'Jf 
2 7 ^fiS^#p-Jgjti£ttS 
2 S A I j . G a , . s X .^JSPMif 
2 9 p-GaN/f'^f 

10.30 p — A I : . 1 Ga s . ; Npf ? 7 ••/ hM 

11.31 p-GaNpl3>7?M 
12. 3 2 pflMIS 

13.33 nmmm 

14.34 S iOji&lfSH 



[01] 



[023 





2 4- 



2 5- 



2 3- 
22- 



2 1 



•3 3 



(10) 32000-589 1 5 ( P 2 0 0 0 - 5 S 9 JL 



[134] 



1.0 
0.8 
** 0.6 



1 04 



0.2 
O 





















Q P> 



O 0.02 0.04 0.06 0.08 0.1 




2 4 9 



2 4 3 2 5 0. 



